Because sleep comprises one-third of a person's life, using an optimal pillow for appropriate neck support to maintain cervical curve may contribute to improve quality of sleep. Design of orthopedic pillow conforms to orthopedic guidelines to ensure the right support of the cervical curve. The aim of this study was to investigate effect of different pillow shape and content on cervical curve, pillow temperature, and pillow comfort. A feather pillow is regarded as a standard pillow, and a memory foam pillow is one of the most popular pillows among pillow users. We, therefore, compared these two pillows with an orthopedic pillow. Twenty healthy subjects (10 men and 10 women; age range, 21-30 years) participated in the study. Each subject was asked to assume the supine position with 3 different pillows for 30 minute in each trial and then cervical curve, pillow temperature, and pillow comfort were measured. When comparing the cervical curve of the 3 different pillows, that of the orthopedic pillow was significantly higher than that of the other 2 pillows (p < 0.001). The degree of temperature increase was significantly lower for the orthopedic pillow than for the memory foam and feather pillows (p < 0.001). The visual analog scale (VAS) score of pillow comfort was significantly higher in orthopedic pillow than the other 2 pillows. This study shows that pillow shape and content plays a crucial role in cervical curve, pillow temperature, and pillow comfort and orthopedic pillow may be an optimal pillow for sleep quality.
Introduction
Because sleep comprises one-third of a person's life, sufficient sleep of high quality is essential and required for human beings. Sleep maintains homeostasis, immunity, and integrity of an organism. Additionally, sleep regulates daily living and the cognitive ability, judgment, and memory that are needed at work (Schutz et al. 2009; Chen and Cai 2012) . Kyle et al. (2010) stated that the quality of sleep is directly related to human health as well as standard of living.
The nighttime sleeping posture is strongly related to quality of sleep. Specifically, poor cervical posture during sleep, which is believed to increase biomechanical stresses on cervical spine structures, can produce cervical pain and stiffness, headache, and scapular or arm pain, resulting in low-quality sleep (Gordon et al. 2010) . Thus, an appropriate selection of pillows can optimize the sleeping posture and help facilitate high-quality sleep (Bernateck et al. 2008) .
A factor critical to a suitable pillow is proper support for cervical lordosis (Ambrogio et al. 1998) . The main role of a pillow during sleep is to support the cervical spine in a neutral position. A neutral position of the spine prevents loss of cervical spine curvature and cervical waking symptoms by minimizing end-range positioning of spinal segments (McDonnell 1946; ). In addition, proper support can increase the contact area between the neck and the pillow so that the pressure exerted upon the muscles can be evenly distributed (Chen and Cai 2012) . A previous study tested 6 different pillows and their effect on neck pain and quality of sleep. Fifty-five subjects tested all of the pillows in random order over the course of 3 weeks (3 consecutive nights per pillow). The authors concluded that pillows with firm support for cervical lordosis could be recommended for the management of neck pain and improvement of sleep quality (Persson and Moritz 1998) . Moreover, Hannon (1999) showed that most people could not fall asleep when the neck was stiff and shoulder muscles were not relaxed. He reported 14 unique postures that can help relax the joints and loosen stiff muscles with proper support (Hannon 1999) .
Another critical characteristic of a suitable pillow is one that reduces the temperature of the head. A pillow that helps reduce core and head temperatures during nighttime sleep is important for deep sleep (Liu et al. 2011 ). According to the study by Kawabata and Tokura (1996) , the reason subjects using a pillow made of a material that helps the pillow surface stay cool could fall asleep more easily and sleep well is strongly related to lowered core and head temperatures and slowed heart rate. These results indicated that reduced core and head temperatures could induce deeper sleep (Kawabata and Tokura 1996) . Moreover, Okamoto-Mizuno et al. (2003) showed that a pillow design that helped reduce the temperature of the head can reduce sweating and whole body temperature, and indirectly improve sleep quality.
Because studies on the effect of different pillow types on cervical lordosis and temperature have been limited, appropriate recommendations cannot be made unless the manner in which the spine responds to specific pillow content and shape is better understood. Therefore, the purpose of this study was to investigate the effects of three types of pillows with different contents on cervical lordosis, pillow temperature, and pillow comfort. Our hypotheses were that each pillow would support the cervical lordosis differently, and that the change of pillow temperature and pillow comfort rating would be different for each pillow type.
Methods

Subjects
Twenty healthy subjects (10 men and 10 women; age range, 21-30 years) participated in the study. They did not have a known neurological disorder, scoliosis or other deformity, inflammatory or degenerative arthropathy, connective tissue disease, or a history of spinal surgery. The general characteristics of the subjects are listed in Table 1 . All protocols and procedures were approved by the Institutional Review Board of Sahmyook University, and all subjects signed a statement of informed consent.
Pillows tested
Three pillows were tested in this study (Fig. 1) . The orthopedic pillow (Venygood, Seoul, Korea) is a roll-shaped pillow containing multiple polypropylene capsules which are pill-shaped and openended. The size of this pillow was 50 cm length × 45 cm width, and the depth varied from 8 cm to 4 cm across the pillow. The memory foam pillow (Sinomax, China) is a contoured pillow consisting of polyurethane foam. The size of this pillow was 50 cm length × 38 cm width. The depth of this pillow varied from 10 cm to 6.5 cm across the contour. The feather pillow (Doadream, Chuncheon, Korea) is a regularly shaped pillow filled with 100% goose feathers. The size was 60 cm length × 45 cm width × 17 cm depth. Pillow suppliers were independent of the conduct of the study, and the interpretation and reporting of the results. According to the previous studies, the feather pillow is regarded as a standard pillow (Lavin et al. 1997; Hur and Yang 2006) . The memory foam pillow is one of the most popular pillows among pillow users (Gordon et al. 2009; . Therefore, we had chosen these two pillows to compare with the orthopedic pillow.
Measurement
Cobb angle: Based on the lateral radiographs of the cervical spine in the supine position, the sagittal alignment of the cervical spine was evaluated using the Cobb angle between C2 and C7. The Cobb angle of the subjects was measured from a radiograph. One line is drawn on the inferior end plate of C2 and the other line on the superior end plate of C7. Perpendicular lines to each of these 2 lines are drawn, and the angle formed by the crossed lines becomes the degree of the curve (Cote et al. 1997; Harrison et al. 2000) (Fig. 2) . Positive values higher than 5° were considered to be indicative of cer- Values indicate mean (standard deviation).
Fig. 1. Tested pillows.
vical lordosis. Negative values below 5° indicated cervical kyphosis (Noriega et al. 2013) .
Pillow temperature: In the study, the variations in pillow temperature were measured using an infrared thermometer (−35°C ~ 560°C ± 2%, TPI, Incheon, Korea), temperature range of −35°C ~ 560°C and accuracy of ± 2%, before and after the 3 different pillows were used. The pillow region touched the subject's neck and the temperature was measured immediately after the subject assumed a sitting position.
Visual analog scale (VAS):
To obtain a subjective measure of comfort, subjects were asked to complete VAS regarding their overall comfort with 3 different pillows. They reported their level of comfort according to VAS after lying on the bed with each of the pillows. Subjects were asked to mark their level of comfort at that time along a 100-mm line, 0 mm being "worst" and 100 mm being the "best".
Procedures
Subjects agreed to refrain from performing any unusual exercises/activities in the days prior to the experiment. Subjects provided their personal information before the experiment and were required to wear shirts without collars. The room temperature was maintained at 25°C during the experiments. The experiments were conducted on 2 different days. On the first day, for determining the Cobb angle, a radiograph of the cervical spine obtained before and after the 3 different pillows was used. Before using the pillows, subjects were asked to stand in a neutral position for the baseline radiograph and then subjects lay down on the x-ray table with each trial pillow for 30 minutes respectively. After 30 minutes, radiographs were taken in the supine position with the 3 different pillows. Administration order was randomized and each subject could sit up and take a rest for 30 minutes between each pillow trial. On the second day, the variations in pillow temperature and pillow comfort were measured. Before the subject began lying on the pillows, pillow temperature was measured. Then, subjects were asked to assume the supine position on the treatment table with each trial pillow for 30 minutes. After 30 minutes, each subject sat up so that VAS score could be obtained for pillow comfort, and pillow temperature was measured immediately.
Data analysis
SPSS Version 18.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for statistical analysis of the results. Descriptive statistics were used for general history of subjects. Analysis of variance and paired t-test were performed for comparison of neck Cobb angle, pillow temperature, and VAS score. The alpha level was set at 0.05 for all analyses.
Results
Comparison of cervical lordosis with Cobb angle
In this study, 3 different pillows were compared for cervical lordosis by measuring the Cobb angle on a lateral cervical radiograph. When comparing the pre Cobb angle in a standing position and the post Cobb angle in a supine position with the use of the 3 different pillows, it was found that the angle was significantly increased with the orthopedic pillow ( p = 0.001). However, there were no significant changes with the memory foam and the feather pillows. The orthopedic pillow significantly increased the Cobb angle from −3.83° at baseline to 7.70° an increase of 11.53°. The memory foam pillow also increased the Cobb angle from −3.83° to −0.33° an increase of 3.66°, but this finding was not significant. The feather pillow, however, decreased the Cobb angle from −3.83° to −6.20°. When comparing the Cobb angles of the 3 different pillows, that of the orthopedic pillow was significantly higher than that of the other 2 pillows ( p < 0.001) ( Table 2) .
Comparison of the degree of increased pillow temperature
The temperatures of each of the 3 pillows increased significantly after 20 minutes of lying on the pillows. However, the degree of temperature increase was significantly lower for the orthopedic pillow (1.53°C) than for the memory foam (3.13°C) and feather pillows (3.39°C) ( p < 0.001) ( Table 3) . 
Comparison of pillow comfort with the VAS
Comparison of the VAS scores for each pillow identified a significant difference across the 3 pillows ( p < 0.05) (Table 4) . However, there was no significant difference in comparison of pairs of pillows in the post hoc analysis.
Discussion
It is widely believed that using an optimal pillow for appropriate neck support to maintain cervical lordosis during sleep can lead to high-quality sleep (Chen and Cai 2012) . However, many people appear to have made poor pillow choices, which leads to adoption of more end-range cervical spine postures during sleep, resulting in increasing biomechanical stress on cervical spine structures (Persson and Moritz 1998) . Use of the wrong type of pillow can compromise pain-sensitive structures and produce waking symptoms, such as cervical pain and stiffness, headache, and arm pain; hence, low sleep quality. Therefore, a suitable pillow, which supports a neutral cervical lordosis, may prevent cervical waking symptoms, and increases sleep quality by optimizing the sleeping position Liu et al. 2011 ).
In the current study, we investigated the effects of 3 different pillows on cervical lordosis, pillow temperature, and pillow comfort and found that cervical lordosis was significantly increased by the roll-shaped orthopedic pillow with a capsule when compared to memory foam and feather pillows. Additionally, pillow temperature was significantly less after lying on the orthopedic pillow than in the other 2 pillows. Regarding pillow comfort, there was a significant difference among the 3 groups.
Most pillow studies have focused on pillow support to restore cervical lordosis (Hagino et al. 1998; Persson and Moritz 1998; Erfanian et al. 2004; Jackson 2010; Liu et al. 2011 ). According to a previous case study using lateral radiographs of the cervical spine with and without exposure to regular and roll-shaped pillows, the roll-shaped pillow restored cervical lordosis and decreased neck pain and discomfort while sleeping (Jackson 2010) . Additionally, Persson and Moritz (1998) tested neck pain and quality of sleep with 6 different pillows in 55 subjects and concluded that the cervical pillow with firm support for cervical lordosis could be recommended for the management of neck pain and improved quality of sleep. In this study, 3 different pillows were compared for cervical lordosis by measuring the Cobb angle on a lateral cervical radiograph. This angle measures cervical lordosis and is the result of the intersection of 2 perpendicular lines (one perpendicular to the superior end plate of C7 and the other perpendicular to the inferior endplate of C2) (Cote et al. 1997; Harrison et al. 2000) . Positive values higher than 5° were considered to be indicative of cervical lordosis. Negative values less than 5° indi- cated cervical kyphosis (Noriega et al. 2013) . The results of this study showed that the orthopedic pillow significantly increased the cervical lordosis repeating results when compared to the baseline cervical lordosis measured with the neck in a neutral position while standing. The memory foam pillow also increased the cervical lordosis while the feather pillow reduced the cervical lordosis however these were not significant. The orthopedic pillow was composed of 7 segments, each containing multiple capsules. The capsules play a special role in providing firm yet comfortable support, as well as helping to conform to the curvature of the cervical spine by decreasing the space between the capsules. In addition, the lower portion of the pillow was a round shaped semicircle which consisted of five pieces of a triangle shaped pocket containing multiple capsules. Vertexes of each pocket are focusing on a focal point so that the pressure converges on the focal point and it provides a firm surface to maintain cervical lordosis. The memory foam pillow also has a round-shaped design and supports cervical lordosis, but was not as firm as the orthopedic pillow. Therefore, when a person lies down on the pillow, the round shape tends to compress, and thus, not enough support is provided to maintain cervical lordosis. In contrast, the feather pillow, which was the softest and highest of the pillows and supported the head more than the neck and caused the cervical spine to bend forward, causing cervical kyphosis. This type of position may also cause narrowing of the airway, resulting in obstructed breathing and sometimes snoring, which can hinder sleep (Liu et al. 2011) . The cooling of the head by the pillow during sleep seems to be relevant to sleep depth (Cote et al. 1997; Liu et al. 2011) . A previous study assessed the thermal characteristic of a pillow and showed that a pillow made of a material that helps the surface stay cool lowered rectal, forehead, and whole body temperatures and slowed the heart rate of subjects, suggesting that sympathetic nervous system innervation was less excited with a cool pillow (Kato et al. 1995) . It also enabled the subjects to fall asleep more easily and sleep better. These results suggested that reducing the temperature of the pillow may improve the quality of sleep (Kawabata and Tokura 1996) . Furthermore, the research of Okamoto-Mizuno et al. (2003) showed that a pillow designed to reduce temperature can reduce sweating and whole body temperature, and indirectly improve the quality of sleep. These findings suggest that the thermal characteristic of pillows may alter the physiological depth of sleep. In this study, the temperature of the 3 pillows increased after 30 minutes of lying on the pillows. However, the degree of temperature increase was significantly lower for the orthopedic pillow (1.53°C) than for the memory foam (3.13°C) and feather pillows (3.39°C). It is likely this is because the capsules in each segment of the orthopedic pillow are open-ended, which helps to evenly distribute the heat of the pillow as well as promote air circulation. Therefore, it prevents an increase in temperature and may improve sleep quality. In contrast, the memory foam pillow is more dense and molds to the neck and head closely. Therefore, it gives a feeling of comport and stability, but decreasing air circulation and preventing thermal dissipation to the surroundings, ultimately increasing the temperature of the pillow. Duck or goose feathers are good at holding heat; thus, the feather pillow showed the highest temperature among the 3 pillows. Moreover, these pillows can emit an unpleasant odor because of poor air circulation. These findings indicate that the orthopedic pillow might be more effective in preventing an increase in neck and head temperatures, which may improve sleep quality, and maintain sanitary conditions compared with the other 2 pillows.
In addition to neck support and temperature, pillow comfort is another critical characteristic of a suitable pillow. Several studies have shown that most patients found cervical pillows uncomfortable initially, however, patients who continued to use them eventually experienced positive results (Hagino et al. 1998; Shields et al. 2006; Liu et al. 2011) . Moreover, suggested that there is a strong and significant association between reported poor-quality sleep and waking with cervical stiffness and scapula pain in side sleepers, however, there was no association between pillow comfort and waking symptoms, which suggests that participants' perceptions of pillow comfort and their reports of waking symptoms are independent. In this study, there was a significant difference in the VAS scores for pillow comfort among the 3 pillows. However, there was no significant difference between pairs of pillows each group in the post hoc analysis. As mentioned above, firm support plays an important role in cervical lordosis. Even though the orthopedic pillow increased cervical lordosis with firm support, the feeling of firm support might not provide positive results in pillow comfort to begin with. However, based on previous studies, after an extended use, it may eventually be acceptable at the end (Hagino et al. 1998; . Thus, the time required for adaptation is an important factor that determines pillow comfort.
The main limitation of this study is that the long-term effects of 3 pillows were not monitored. Therefore, longterm effect of 3 pillows should be determined in a future study. Another limitation of this study is the relatively small number of subjects. Regarding sleep quality with different pillows, sleep quality should be measured using polysomnography or Pittsburgh sleep quality index.
